comparable price input-output tables, this paper first calculates the carbon emissions of China's industrial sectors with three components by input-output subsystems; next, we decompose the three components into effect of carbon emission intensity, effect of social technology, and effect of final demand separately by structure decomposition analysis; at last, we analyze the contribution of every effect to the total emissions by sectors, thus finding the key sectors and key factors which induce the changes of carbon emissions in China's industrial sectors. Our results show that in the latest 8 years five departments have gotten the greatest increase in the changes of carbon emissions compare with other departments and the effect of final demand is the key factor leading to the increase of industrial total carbon emissions. The decomposed effects show a decrease in carbon emission due to the changes of carbon emission intensity between 2002 and 2010 compensated by an increase in carbon emissions caused by the rise in final demand of industrial sectors. And social technological changes on the reduction of carbon emissions did not play a very good effect and need further improvement.
Introduction
Since China is the largest CO 2 emitter in the word, there is a huge pressure when facing the problems of global warming. In the year of 2009 the Chinese government promised to reduce carbon dioxide emissions per unit of GDP by 40-45% in 2020 to be less than 2005 levels. In addition, China has set a target of reducing CO 2 intensity per unit GDP by 17% in 2015 to be less than 2010 levels in the twelfth five-year plan [1] . Since reform and opening, China's industry become the main sector of carbon emissions, it's production accounting GDP 40.1% but it consumed 67.9% of the country's energy and released 83.1% of the country's carbon dioxide [2] . Moreover, the data of Chinese Energy Statistical Yearbook (2012) shows that China's total carbon emissions in the industrial sectors indicated a continuous upward trend [3] . Obviously, investigating the underlying reasons of the carbon emission changes in China's industrial sectors and studying different factors contributed to the total carbon emissions are essential for developing rational reduction policies and achieving emission reduction targets.
Much of the existing literature focuses on analyzing the influence factors leading to the changes of carbon emissions in the industrial sectors by different methods. For example, Ren et al. [4] and Lin and Moubarak [5] adopt the Log Mean Divisia Index method to explore the impact factors of the total carbon emissions in China's manufacturing industry and textile industry, respectively, during different years. The same method is used by Zhao et al. [6] and Shao et al. [7] to analyze the main factors responsible for the industrial carbon emissions in Shanghai and Tianjin, respectively. A decomposition analysis based on an additive Log Mean Divisia Index is developed by Sheinbaum-Pardo et al. [8] to explain the changes in CO 2 emissions related to energy consumption of the manufacturing industries in Mexico. Akbostanci et al. [9] use the same method to decompose the changes in the CO 2 emissions of manufacturing industry in Turkey. Hammond and Norman [10] use decomposition analysis to separate 2 Discrete Dynamics in Nature and Society the contributions of changes in output, industrial structure, energy intensity, fuel mix, and electricity emission factor to the reduction in carbon emissions in UK's manufacturing. Priambodo and Kumar [11] [19] use structural decomposition analysis to identify the drivers of change for CO 2 emissions in the Baltic states between 1995 and 2009. Cellura et al. [20] apply an energy and environmental extended input-output model, combined with SDA, to assess the indirect energy consumption and air emission changes related to Italian households' consumption. Wood [21] studies the factors of greenhouse gas emissions in Australia by applying a structure decomposition technique method. The scholars above mainly use the input-output structural decomposition method to analyze the whole economy's carbon emissions or energy consumption of some place. When a particular industry or particular sectors need to be researched, we can apply the input-output subsystems. Alcántara and Padilla [22] use a subsystem model to study the CO 2 emissions of the Spanish service sector. Cardenete and Fuentes [23] analyze the CO 2 emissions of Spanish energy activities using a subsystem representation within a social accounting matrix model. Butnar and Liop [24] study the influence factors of carbon emissions in Spain during 2000 to 2005 by applying input-output subsystem and structure decomposition analysis.
In summary, all these contributions above focus on explaining the changes in total emissions of the economy. It would be interesting, however, to analyze the changes in those emissions caused by a specific sector. And, as far as I know, no contributions in the literature have studied the changes in industrial sectors by applying structural decomposition within a subsystem approach in China. And there are a sum of literature studied the changes of carbon emissions in is the column vector of carbon emissions per unit of production in the industrial sectors.
is the column vector of carbon emissions per unit of production in the nonindustrial sectors.
Λ denotes diagonalization of the corresponding vector.
denotes transposition of the corresponding matrix or vector.
The input-output representation can be written as follows:
And the solution of total output is
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By taking this solution into the left of (1) and assuming that the nonindustrial sectors only produce for the intermediate demand (i.e., = 0), then
Let be the production of industrial sectors needed to cover the final demand of themselves, and let be the production of nonindustrial sectors needed to cover the final demand of industrial sectors. Equation (3) can be written as
Equation (4) denotes the production of industrial sectors needed to cover the final demand of themselves. On the left hand side, contains the production needed by the industrial sectors from the other industrial sectors or themselves to obtain the own production.
shows the inputs of the industrial sectors subsystem required by the nonindustrial sectors to obtain the production that industrial sectors demand to them. These two components together show the internal components that affect the production of industrial sectors.
is the final demand for the industrial sectors subsystem which can be considered as a demand level component. Equation (5) shows the production of the nonindustrial sectors needed to cover the final demand of the industrial sectors; therefore, we can consider it as an external component.
According to (4) and (5), first we calculate the total production of industrial sectors with three components, then multiply the carbon emissions per unit of production in the industrial sectors and nonindustrial sectors, and, finally, diagonalize , thus obtaining the carbon emissions of every industrial sector composed of three parts, calculated as follows:
The above three equations denote the demand level component, internal component, and external component that contribute to the total carbon emissions of industrial sectors, respectively. So the total carbon emissions can be written as
Structural Decomposition of the Input-Output Subsystem
Model. Input-output structural decomposition analysis technique is a method of analyzing the reasons of economic changes through the comparative static analysis of key parameters. There are many decomposition forms, but the polar decomposition method is used in this paper. From a mathematical point of view, such method looks not only good but also comparable between the weights of different factors, furthermore, there are no interaction terms difficult to explain, so the method get widely recognized by the international academic community [25] . Some matrix and symbols will be illustrated as follows:
The symbol Δ denotes the changes of two different periods, that is, final value minus initial value. Subscripts 0, 1 denote initial value and final value of the corresponding matrix or vector, respectively. In order to calculate the changes of carbon emissions in two different periods,
The first term in expression (11) can be decomposed as follows:
The first element in expression (12) ,
, denotes carbon emission intensity effect and shows the contribution of changes in the carbon emission intensities of the industrial sectors to the changes in the demand level component.
denotes demand effect and shows how the changes in the demand for industrial sectors contribute to the changes in the demand level component.
The second component in expression (11) can be decomposed as
In which,
represents carbon emission intensity effect and shows the contribution of changes in the carbon emission intensities of the industrial sectors to the changes in the internal component.
] denotes effect of economic and technological changes and shows how the changes in the economy and technology contribute to the changes in the internal component. ΔDE IC = (1/2)( 0 0 + 1 1 )Δ Λ represents demand effect and shows how the changes in the demand for industrial sectors contribute to the changes in the internal component.
The third component in expression (11) can be decomposed as
The first element in expression (14) ,
, represents carbon emission intensity effect and shows the contribution of changes in the carbon emission intensities of the nonindustrial sectors to the changes in the external component.
denotes effects of economic and technological change and shows the contribution of changes in the economy and technology of the nonindustrial sectors to the changes in the external component. ΔDE EC = (1/2)( 0 0 + 1 1 )Δ Λ represents demand effect and shows how the changes in the demand for industrial sectors contribute to the changes in the external component.
According to the above analysis, the changes of total carbon emissions also can be written as follows:
In which, ΔCEE represents the contribution of total carbon emission intensity effect to the changes of total carbon emissions. ΔΤE denotes the changes of economy and technology contribute to the changes of total carbon emissions. ΔDE shows the changes of final demand in the industrial sectors that contribute to the changes of total carbon emissions.
Date Preparation.
Since Chinese input-output tables are compiled every five years, at the year with the last number being 2 or 7, and the extended input-output tables are compiled at the year with the last number being 0 or 5, the annual data used in this paper are those of the years 2002, 2007, and 2010 and data derived from the National Bureau of Statistics website [26] . According to National Industry Classification in China and taking the existing input-output tables sector classification into account, we set up 33 sectors (Table 1) , including 24 industrial sectors and 9 nonindustrial sectors, according to need we unified the sectors in the inputoutput table and adjusted the positions of them (industrial sectors from 1 to 24). Since current price input-output table cannot reflect the real economic change after deducting price factors, the current price input-output tables need to be converted into comparable price input-output table. In this paper, we transferred the 2007 and 2010 current price input-output tables into 2002 comparable price input-output tables with index reduction method. The specific compilation method refers to "China 1992-2005 comparable price inputoutput series tables and analysis" edited by Liu and Peng [27] . In the process of compiling the comparable price inputoutput tables, the price indexes we needed come from China Statistical Yearbook.
Though there are no direct statistical data of carbon emissions of various industries in China, there are statistical data of energy consumption by sectors and carbon emissions are mainly derived from the consumption of a variety of energy. So, this paper calculated the direct carbon emissions of various industries according to the annual data of energy consumption by sectors and the carbon emission factors of different energy sources. And the carbon emission factors are announced by the Intergovernmental Panel on Climate, the annual data of energy consumption by sectors derived from China Energy Statistical Yearbook, the sectors also consolidated according to our need. Considering the energy statistics caliber of China Energy Statistical Yearbook and the availability of energy carbon emission factors, we selected coal, crude oil, gasoline, kerosene, diesel oil, fuel oil, and natural gas; these seven kinds of energy are calculated as follows:
where represents the direct total carbon emissions of sector I, shows the carbon emissions of sector I consuming the jth kind of fuel, represents the consumption of sector I to the jth kind of fuel, and shows the carbon emission factors of the jth kind fuel. After getting the carbon emissions by sectors, we divided them by the total output of the corresponding sectors, so we got the carbon emissions per unit of output by sectors. Table 2 shows the changes of total carbon emissions mainly consisting of three components, namely, the demand level component, the internal component, and the external component. In the past eight years, the total carbon emissions of Chinese industrial Discrete Dynamics in Nature and Society 5 Table 2 shows that the first five years due to the changes of demand level in industrial sectors make the total carbon emissions increase to 5.38 × 10 6 tons, while the next three years make the carbon emissions decreased to 1.54 × 10 7 tons. Though the two periods are asymmetric, the above data also can illustrate the level of demand structure of the industrial sectors gradually improved; it is conducive to the reduction of the total carbon emissions. And the changes of internal and external components slowing the increase of total carbon emissions also indicate the internal and external components of the industrial sectors conducive to the reduction of the total carbon emissions. It can be seen that some good results have been achieved due to the carbon reduction policy implemented by the government in recent years. However, in order to achieve a further improvement in carbon emissions, some appropriate management policies and measures should be implemented regarding the carbonintensive enterprises. In the following we will analyze the two main components (IC and EC) of the five industrial sectors whose carbon emissions increased the most, so as to understand the underlying factors leading to the increase of carbon emissions in these sectors. Table 2 we already know the five sectors whose carbon emissions increased the most, following structure decomposition analysis of the main component of the carbon emissions in the five sectors. The results are shown in Table 3 ; we first decompose the internal and external component of the industrial sectors into carbon emission intensity effect, effect of social technology, and effect of final demand. During 2002-2007, the first quadrant of Table 3 shows the five industrial sectors because the internal component leading to the increase of total carbon emissions is mainly caused by the effects of social technology and effect of final demand, while carbon emission intensity effect promoted the reduction of carbon emissions. The third quadrant of Table 3 shows the five industrial sectors due to the external component leading to the increase of total carbon emissions mainly caused by the effect of final demand. However, during 2007-2010, the second quadrant of Table 3 shows the internal component of the five industrial sectors leading to the increase of total carbon emissions mainly caused by the effect of final demand. From the four quadrants we can know that the external component of the five industrial sectors leading to the increase of total carbon emissions is mainly caused by the effect of social technology and effect of final demand. From the above analysis of the five key sectors we can learn that the social economic technologies of industrial sectors are improving, conducive to the reduction of total carbon emissions, while the social economic technologies of nonindustrial sectors are cutting down, leading to the increase of total carbon emissions. Carbon emission intensity effect is not only conducive to the reduction of carbon emissions caused by internal component but also conducive to the carbon emissions reduction caused by external component in this five sectors. However, the effect of final demand just played a opposite role, it contributed to the increase of carbon emissions both in the internal component and external component. Analyzing from the whole time 2002-2010, the contribution of carbon emission intensity effect on the reduction of carbon emissions is improving, while the increase in carbon emissions caused by the effect of final demand is also serious. Therefore, in order to control the increase of total carbon emissions in China's industrial sectors, we should pay more attention to the final demand. And at the same time we should also pay attention to the improvement of social and economical technology, because they still have much room for improvement. Table 4 shows the carbon emission intensity effect, the effect of social technology, and the effect of final demand contributing to the total carbon emissions. We also can know that the total carbon emissions increased to 5.34 × 10 8 tons of China's industrial sectors during 2002-2010, though the carbon emissions reduced to 3.39 × 10 8 tons because of the carbon emission intensity effect; it is far less than the increase in carbon emissions caused by the effect of final demand; the value is 7.77 × 10 8 tons, and the effect of social technology has not contribute to the reduction of carbon emissions. When considering these three factors (CEE, TE and DE), the main factor leading to the increase of total carbon emissions in China's industrial sectors is the expanding final demand, which is related to the increasing population and gradually expanded consumption. Therefore, the reduction of carbon emissions in China's industrial sectors should be started from controlling the final demand (such as recommending low carbon living). At the same time, technological innovations also should be strengthened; only in this way can we contribute to the reduction of total carbon emissions in China's industrial sectors. Through splitting the study period into two time intervals, we can find that, in the first five years, the effect of carbon emission intensity has made the total carbon emissions of China's industrial sectors decreased 1.67 × 10 8 tons, while in the next three years, it has made the total carbon emissions of Chinese industrial sectors decreased 1.71 × 10 8 tons. It shows that the carbon emission intensity is gradually decreasing and promoting the reduction of carbon emissions. We also can know that the effect of social technology is gradually improved and conducive to the reduction of total carbon emissions in China's industrial sectors. While the contribution of the final demand to the carbon emissions is still increasing, we should pay more attention to controling it.
Result and Discussion

Analyzing the Contribution of DLC, IC, and EC to the Changes of Total Carbon Emissions.
Structure Decomposition Analysis of the Main Components of the Carbon Emissions in the Key Sectors. From
Analyzing the Contribution of CEE, TE, and DE to the Changes of Total Carbon Emissions.
Conclusions
This paper has applied structural decomposition within an input-output subsystem model to show the reasons of the change of carbon emissions in China's industrial sectors between 2002 and 2010. The main conclusions are as follows.
(1) Viewing from the three subsystem components (DLC, IC, and EC), we know that in the latest eight years the internal component of the industrial sectors is the main component leading to the increase of total carbon emissions in China; viewing from the department, we find that the department whose carbon emissions increased the most is the department whose direct and indirect carbon emissions increased the most, it is not only direct carbon emissions increased the most instead of direct carbon emissions increased the most. (2) When considering the following three factors: carbon intensity effect, social technological effect, and the effect of final demand, we find that the main reason leading to the increase of total carbon emissions is the expansion of final demand. (3) From the whole time (2002-2010) we know that the final demand effect contributed positively to carbon emission changes, with these effects being higher than the reduction caused by the carbon emission intensity effect, leading to an overall increase in carbon emissions. (4) From the analysis of the five key sectors we know that the social technology of industrial sectors is improving while the social technology of nonindustrial sectors is cutting down.
According to the results of this paper, in order to achieve our carbon reduction targets, on the one hand, we should focus on the five key sectors whose carbon emissions changed the most, controlling the exports of those products produced by these sectors strictly, encourage consumption of alternative products with low carbon emissions, and then achieve the purpose of reducing carbon emissions from the control of requirements. On the other hand, we should strengthen technological innovations. Material and spiritual rewards are given to the companies that achieved very good results on innovations, for example, reducing taxes on its products so they will have more funds for their technological innovations. We also can seek the support of advanced technology and capital from the developed countries to achieve the goal of emission reduction. Finally, we should pay attention to the control of the final demand of the products produced by the industrial sectors appropriately; we can also adjust the demand structure to reduce the carbon emissions or encourage people to use clean energy.
Our study has the following limitations. First, carbon emissions referred to in this paper only generated by energy consumption, failed to consider the production process which also generate carbon emissions. Second, our approach consists of a unique-region emission model; it cannot analyze the indirect emissions released in the supply chain outside the country. Thus, future work should pay special attention to the study of the carbon emissions by using a multiregional model which can consider the carbon emissions from import and export products, respectively, so we can understand the composition of carbon emissions in China's industrial sectors more clearly. In addition, carbon emissions from industrial sectors in China's different provinces should be studied, so we can develop appropriate low carbon policies and measures in accordance with the specific circumstances of different provinces. Finally, studies on other industries also should 8 Discrete Dynamics in Nature and Society be conducted to illustrate the characteristics of main contributors to carbon emissions. At the same time, we should do more researches on the development and evaluation of low carbon policies. Because most of the current studies are just staying in the phase of phenomenon analysis, they lack specific policy implementation and evaluation system.
